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Abstract  
 
 
Polychlorinated Biphenyls is a group of toxic compounds that were used as additives in many 
industrial applications in 20th century. Although banned for many years, they are still present in the 
environment and are released easily to the air from different states of matter. In our project, we 
focused on testing efficiency of one filer material that is widely used for PCB remediation, Activated 
Carbon. We built a system including an AC filter column and PCB source, and through set of 
extractions and GC-MS analysis, measured capacity of given material. Our extraction method turned 
out being ineffective for particular samples, but we proved that Activated Carbon decreases PCB 
concentration in the air (comparing input/output values) to level considered safe by health 
organisations around the world. 
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1. Aims of the project and problem formulation 
After discovering the case of the school building in Gadstrup (near our university), which had to be 
remediated and partly dismantled due to past toxification, we became interested with the subject. We 
learned that the main contaminant was a chemical called Polychlorinated Biphenyls (PCB) and the air 
filters implemented in the action were based on Activated Carbon (AC) in specific filter construction. 
Since the remediation process was exhaustive and expensive, we wanted to investigate the alternative 
technologies for eliminating PCB and their efficiency, focusing on the method chosen in situ. In our 
project, we aimed at providing information on the method of decontamination and possible limitations. 
We formulated the problem that we aimed to describe and solve, asking about efficiency of this 
particular filter material, Activated Carbon, in filtering Polychlorinated Biphenyls from the air. We 
wanted to investigate why it is widely applied in remediation of PCB-contaminated areas and to what 
extent can this removal be permanent. If there was some time left, we would try to learn more about 
possibility of regeneration and reuse of Activated Carbon. 
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2. Introduction 
 
In 1929 began a commercial production of polychlorinated biphenyls (PCB), organic compounds of 
differently chlorinated joint two benzene rings. It appeared to have properties perfectly suited for 
many industrial applications, from coolants and insulating fluids, to plasticizers in paints and cements, 
sealants and floor finishes. Their production flourished until 1960's, when a toxicity of PCB and PCB-
like compounds was discovered. Until prohibition in 1979 (USA), there was a total of about 1.2 
million tons manufactured throughout the world, of which high percent remains in the environment. 
Desired properties of the chemicals turned against inventors and producers; stable and inert PCB 
molecules require expensive and/or advanced methods of filtration and destruction. They can exist in 
all states of environmental matter and spread easily in all phases. Although there have been many 
investigations on efficient treatment of PCBs, optimal technology has not yet been introduced. From 
all phases to be remediated, air purification poses biggest difficulties. 
We decided to measure the capacity to filter PCBs from the outdoor and indoor air of the most popular 
and widely applied adsorbent, activated carbon (AC). We tested AC samples received from the 
J.Jensen Company (Lynby, Denmark), which were contaminated during remediation of a school 
building in Gadstrup (Denmark). To estimate the adsorption capacity of the material, we conducted a 
set of extractions on our samples and used Ultrasound (to accelerate separation) and GC-MS (to 
measure concentration of PCB). Based on results and calculations of adsorbance/extraction rates, we 
tried to draw isotherm patterns on our filter materials' effectivity. Finally, we tried to come up with 
alternative ways to tackle the issue. 
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3. Theory 
A. History 
 
For the first time in 1865 PCB-like chemical compound was discovered as a by-product of coal tar. In 
1914 was for the first time released measurable amount of PCB into environment, we can measure it 
even nowadays in feathers of birds in museums [1]. In late 40s of 20 century was published first study 
indicating link between PCB and liver disease [2]. 1947, E.C. Barnes of Westinghouse’s medical 
department wrote, in an internal company memo, that long-term exposure to PCB fumes "may produce 
internal bodily injury which may be disabling or could be fatal." [3] Monsanto had in its files a 1947 
scientific finding that there was "need to give warning" about PCBs because "the toxicity of those 
compounds has been repeatedly demonstrated." [4] 
In next 50 years scientist and researches continued discovering negative effect of PCB in environment 
and on human body. Also food contaminated with PCBs has been found. 
Since 1998, for 3 years, the Norwegian Polar Institute has found polar bears with both male and 
female sex organs. This year, 4 hermaphroditic cubs were seen. Researchers fear up to 4% of the bears 
may be affected. [5] 
This last evidence implies that PCB is stored in fats in living organisms and causes all various 
problems in environment. Polychlorinated biphenyls are spread out all over the world. PCB pollution 
in environment is long-time and continental-scale problem. PCB has been used for more than 100 
years constantly in huge industrials departments and waste contained PCB was treated poorly and 
unprofessionally.  
First trials and investigations towards destruction of PCB contaminants started in 1970's. More than 30 
years ago, PCBs' properties and effects on human health were not recognized and known as they are 
nowadays. Therefore first destruction and remediation technologies were limited mainly to 
incineration and landfill disposal. Chemical treatment began to be proven in following decades. Due to 
PCB compounds' stability, chemical transformation technologies (reduction or oxidation) are also 
approved as destruction proccesses. Despite many investigations on the subject, the best technology is 
still to be determined. In most cases, choice of a remediation method for a particular contaminated 
sample depends on its physical form, rather than constituents and specific compounds to be treated. 
Before PCB was banned in 1979, it was used in products and materials such as: transformers and 
capacitors, other electrical equipment including voltage regulators, switches, reclosers, bushings, and 
electromagnets, oil used in motors and hydraulic systems, old electrical devices or appliances 
containing PCB capacitors, fluorescent light ballasts, cable insulation, thermal insulation material 
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including fiberglass, felt, foam, and cork, adhesives and tapes, oil-based paint, caulking, plastics, 
carbonless copy paper and floor finish. 
Due to their physical and chemical properties, PCBs formely found application as dielectric fluids and 
plasticizers in caulk, but are now globally recognized to be noxious compounds according the 
Stockholm convention and in 2001 were added on the list of Persistent Organic Pollutants (POP). 
 
 
B. Chemical and physical properties 
 
 Polychlorinated Biphenyl (PCBs) belongs to a broad class of synthetic organic compounds known as 
halogenated aromatics. The number of chlorine substituents on the biphenyl skeleton may vary from 1 
to 10, producing 209 different chemical structures which are denoted ’’congeners’’. 
The compounds are resistant to chemical, physical and biological degradation and have a high octanol 
water partition coefficients (Kow), which are retained in the environment and in organisms as well as 
bioaccumulated in fat tissues and biomagnified in food webs [6]. 
 
Structure of PCBs  
PCB contains two benzene rings with a bond linking the carbon located in the 1 position of the first 
ring with the carbon 1’ position in the second ring. The classification of PCBs is based on the numbers 
of chlorines attached to the ring. Chlorines attach to the structure replacing a hydrogen atom. A PCB 
molecule with a single chlorine attach is classified as monochlorobiphenyl, with two chlorine attach is 
called dichlorobiphenyl, and so forth. The congener classification of PCB can be seen in Table 1 [7]. 
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Table 1: PCB Congener Classification 
 
Classification 
Molecular  
Formula 
 
Congeners of Interest 
Monochlorobiphenyl C12H9Cl PCB-3 
Dichlorobiphenyl C12H8Cl2 PCB-15 
Trichlorobiphenyl C12H7Cl3 PCB-28 
Tetrachlorobiphenyl C12H6Cl4 PCB-52&PCB-77 
Pentachlorobiphenyl C12H5Cl5 - 
Hexachlorobiphenyl C12H4Cl6 PCB-153 
Heptachlorobiphenyl C12H3Cl7 - 
Octachlorobiphenyl C12H2Cl8 - 
Nonachlorobiphenyl C12HCl9 - 
Decachlorobiphenyl C12Cl10 - 
 
 
The location of the chlorine atom can be identified by following ortho, meta or para. Chlorines there 
are located on carbons in the 2, 2’, 6 or 6’ position are ortho position, those in the 3, 3’, 5 or 5’ 
position are meta position, and those in the 4, 4’ position are in the para position [8].  
Figure 1. shows the general chemical structure of PCBs [8]. 
 
 
 
Physical - chemical properties of PCBs 
Each individual congener has its own physical-chemical properties unique to its chemical 
configuration. The properties can affect the environment distribution and toxicity for each congener. 
Differences between the number of chlorines and location results in difference in properties such as 
the octanol-air partition coefficient, solubility in water, Henry’s Law constant and vapor pressure. The 
physical-chemical properties of PCBs can be seen in Table 2.[9]. 
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Table 2: Physical-Chemical Parameters for selected PCB congeners 
 
 
IUPAC 
No. 
 
Molecular 
Weight 
(g/mol) 
 
 
Log Kowa 
  
 
Log Koab 
-log (mol/L) 
Solubility 
in water at 
25oCc 
 
-log HCLd 
 
Vapor 
Pressuree 
PCB 3 188.65 4.69 6.64 5.14-5.39 3.56 26-277 
PCB 15 223.1 5.3 7.34 6.61-6.79 3.64 0.18-59.2 
PCB 28 257.54 5.67 7.6 6.34 3.54 0.29-19.7 
PCB 52 291.99 5.84 7.72 6.63 3.5 0.0058-6.4 
PCB 77 291.99 6.36 8.74 8.73 3.99 0.0058-6.4 
PCB 153 360.88 6.92 9.09 8.62 3.78 0.0019-5.4 
 
a Log Kow [4] - Logarithm of octanol water partition coefficient 
b calculated for Log Koa values [9], Logarithm of octanol air coefficient 
c,d  Henry's Law Constant in (atm-m3/mol) at 25oC [10] 
e  Pressure x 107(atm) at 25oC [11] 
 
Vapour pressure is a property that can be used to evaluate the volatility of a compound. With vapour 
pressure as the property of solubility in air, the two properties can describe air-water partitioning 
tendency as denoted by the Henry’s law constants. Henry’s law described the state of solubility of a 
gas in directly proportional with the partial pressure of a gas above of solution [12]. 
In regard to PCBs, highly-chlorinated congeners are less water-soluble and less volatile than lower-
chlorinated congeners [13]. The behaviour and presence of each congeners depends on physical-
chemical properties [14]. 
 
Natural decay of Polychlorinated Biphenyls 
PCB is described as a stable chemical compound and there is no official data for the time of its natural 
decomposition. US Environmental Protection Agency (EPA) made recently a model projection of 
PCB concentrations in sediment, water and fish in Hudson River (USA), known for its high pollution 
and PCB remediation trials in the past. Estimates of PCB decay based on updated sediment 
concentrations suggest it my take 2 to 3+ decades to reach EPA risk threshold (0.2ppm - 0.05ppm). 
Time to 0.4ppm PCB threshold is on the order of 1 to 2 decades. It is therefore important to find a 
technology that accelerates PCB decay or destroys it. 
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C. Circulation of PCBs in environment 
 
Classification of Persistent Organic Pollutants (POP) is based on characteristics such as: distribution in 
the environment as a result processes which involve soil, water, air, accumulation in fatty tissues in 
living organisms, bioaccumulation in the food chain; and toxicity to human and wildlife. PCB fulfils 
these criteria and is listed among POPs. International treaty is meant to reduce and eliminate the 
production and use of these harmful chemical substances (UNEP 2001). 
Basically in PCBs pollution distribution concept of atmosphere-ocean circulation model is used. 
According to news reporting originating in Mainz, Germany, by VerticalNews journalists, researches 
stated ´´Following identical primary emissions for all PCB congeners into air, most of the burden is 
stored in terrestrial (soil and vegetation) compartments.´´ 
News reporters obtained a quote from research from Max-Planck-Institute for Chemistry: “Thereby; 
PCB-28, PCB-101 and PCB-153 show a shift of the soil burden maxima from source to remote 
regions. This shift is downwind with regard to the westerlines for Eurasia and upwind for North 
America and more prominent for the lighter PCBs than for PCB-153 or PCB-180. In meridional 
directions, all congeners´ distributions underwent a northward migration in Eurasia and North 
America since the 1950s. Inter-continental transport from Eurasian sources accounts largely for 
contamination of Alaska and British Columbia and determines the migration of the PCB distribution in 
soil in North America. Trans-Pacific transport occurs mainly in the gas phase in boreal winter 
(December-January-February) at 3-4 km altitude and is on a multi-year time scale strongly linked to 
the atmospheric pressure systems over the Pacific.” (16) 
Official sources note that the highest concentration of PCB is in the industrial areas, both in air and 
sediments, as well as in rivers and surrounding waters. In river sediments, when PCBs levels are 
measured at different depths, the samples with highest content are buried during the time of PCB 
manufacture. Concentrations of the contaminant are much lower in sediment layers that have formed 
after the prohibition of the substance in the industry. Whereas in cities, the average PCB concentration 
in outdoor air is typically 5 ng/m3, PCB disposal facilities 'workers can be exposed up to 40 000 
ng/m3! 
According to the measured concentration of PCB from indoor and outdoor air made in the West 
Milands area of United Kingdom, the higher level of PCB was present indoor air (between 1.1- 69 
ng/m3 ) than in outdoor air in which the concentration was lower (0.8 – 1.5 ng/m3). Another 
measurement made in the centre of Rome showed that the concentration of PCB from indoor and 
outdoor air was higher than the level of concentration found in United Kingdom. The concentration of 
PCB from indoor air had a factor around 2-50 (6.5-33 ng/m3) much higher than the concentration from 
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outdoor air which indicated a PCB ranged between 0.1- 1.6 ng/m3. It is believed that household 
appliances and building materials, especially in older constructions, contribute to a higher PCB 
concentration in indoor air. 
According to news reporters, the researchers concluded:  “Inter-continental transport of the lighter, 
more volatile PCBs is more efficient than for the heavier PCBs” (15)  
 
 
 
D. Toxicity 
According to many epidemiological and medical studies, PCBs are one of the persistent environmental 
pollutants that have toxicological and adverse health effects on animals and humans. PCBs cause 
carcinogenic and non-carcinogenic diseases and they affect the body directly or act as a predisposing 
factor for developing cancer. 
PCBs’ severity of toxicities depends on chlorination of the compound. High chlorination leads to high 
toxicities, because high chlorination increases the degree of lipophilicity and melting point. By this it 
increases its capability of accumulating in body tissues (17). 
Exposure to PCB is different from person to person, as it depends on doses and duration of exposure. 
It also depends on the type of PCB mixtures. Difference in PBC exposure gives different toxicities 
(18). 
Pathway of distribution is by atmospheric transport of evaporated PCB or by water (19). Therefore, 
some of the PCBs end up in the ocean. The PCBs are taken up by some biota e.g. algae and 
microorganisms. Small fish eat these species and this way fish get PCB in their bodies (20). Large fish 
eat the small fish, and so the concentration of PCB becomes higher in large fish, compared to the 
quantities found in small fish. The concentration of PCB becomes 100 times higher in the 
contaminated fish than in the seawater. Humans then consume these contaminated fish. 
The most significant exposure pathway to a human being is by direct contact with e.g. electrical 
equipment and especially workers who work in the electrical industries are affected. This exposure 
often leads to dermal problems. Another important pathway of PCB to the human body is by 
inhalation, this causes respiratory problems. Eating meat and fish contaminated with PCB is another 
pathway where PCB affects the nervous system and leads to neurological deficit. PCBs interact with 
thyroid hormones and leads to growth problems (21). 
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If pregnant women are exposed to PCB for a long time, it affects the fetus and causes future 
developmental abnormality (22).An infant can be exposed to PCB through contaminated breast milk 
of the mother (24). 
Because of its lipophilicity property, PCB can accumulate in the body tissue of animals and humans. It 
especially affects liver tissue, which leads to liver dysfunction (23). 
PCBs also lead to immune suppression in humans and as a result, cause some kind of cancer related to 
immune system suppression. 
In addition, human exposure to PCB leads to high blood pressure and high serum cholesterol. 
 
Table 3: Human food exposure to PCB 
Source Estimated daily intakes 
in ng/kg body weight per day 
Comments  
Drinking water Less than 0,2 Based on a 70-kg individual 
drinking 2 litres of water per 
day, which contains 6 ng/litre 
[0.006ng/m3]of PCBs  
Air 0,3 to 3 Based on the typical range of 
urban PCB* levels of between 1 
and 10 ng/m3 
Food 0,5 to 5 Fish, poultry, and meat are the 
primary contributors to the PCB 
intake 
Total 1-8  
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E. Filtering methods 
 
i) Thermal treatment 
Thermal treatment of gaseous PCBs can be understood as a part of in-situ thermal destruction (ISTD) 
technology, executed on soils and sediments, or ex-situ incineration of contaminated housewares and 
building materials. After application of high temperatures (800-1200 Celsius degrees) and vacuum, 
evaporated molecules (among them PCBs) are drawn by the vacuum in the counter-current direction 
of heat flow, and undergo oxidation and pyrolysis (anaerobic heating). The main disadvantage is 
production of substances that can be equally toxic as 'pacified' PCBs. Despite long practice of 
incineration, this method is still expensive and needs alternatives benign to the environment. [26][30] 
 
ii) Biofiltration 
Using the fact that PCBs bioaccumulate in tissues and cells of living organisms and plants, biological 
enzymes and substances as fruit cuticles or potato periderm are extracted and employed to PCBs' 
treatment ([31][32]). However, this method is chemically selective, time-consuming and gives no 
obvious effects. 
 
iii) (Activated Carbon) Adsorption 
Activated carbons are the only material in common use, adsorbing many organic compounds from 
contaminated water and air streams. Mechanism relies on the physical attraction of molecules of 
adsorbate to the surface of the solid, due to surface tension.  
AC is obtained from carbonaeous materials such as coal, wood and coconuts and manufactured in two 
forms: powdered (PAC) and granular (GAC). The first step in the production is carbonization, which 
is heating a source material up to 600°C, removing volatile substances and forming a char. The 
activation process often includes the use of metal salts of the Lewis acid type (such as calcium or 
magnesium chlorides). The final product contains not only carbon, but also oxygen and other elements 
derived from source material, remaining an 'imperfection' from the carbonization process. These 
ingredients also affect the adsorption capacity of AC. Finally, full range of morphology defects (hole 
dislocations, horizontal and radial displacements) can influence the performance, where the edge 
groups are the most reactive sites. [33] 
AC has a poreous structure (with pores' diameter varying depending on the source) that results in a big 
surface capacity. The iodine number is a general measurement of the surface area of AC. These 
numbers usually range from 900 to 1100 for higher quality carbons. 
Relatively cheap and easy to employ, AC is a popular filter material. However, it must be kept in mind 
that it transfers gaseous pollutants to a solid phase instead of destroying them. Thus it cannot replace 
another technologies as the only, final method of PCB remediation. [34][35] 
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iv) Photocatalytic oxidation 
Recently invented and investigated, photocatalytic oxidation (PCO) has a potential for becoming an 
efficient weapon against environmental pollutants. It was proved that with PCO, organics can be 
degraded to harmless carbon dioxide. The reaction conditions are inexpensive - low temperature, low 
pressure, widely available catalysts (among TiO2, ZnS, ZnO, CdS, SnO2). It is based on a chain of 
photocatalyzed oxidation reactions, including free radicals' release and by-products. Photocatalyzed 
PCB remediation methods are now being tested, but foremost on contaminated water, soils and 
sediments ([36][37]). Gaseous pollutants are an underinvestigated field in these technological 
experiments. 
 
v) High technology filters 
Sorbent-impregnated polyurethane foam (SIP) disks have been recently introduced as an passive air 
sampling method for PCB and PCDE (2008, [38]). The surface of a SIP disk is able to hold organic 
chemicals. Used for analysis purposes, they may have a potential to become a filter material in the 
future. 
HEPA (High-Efficiency Particulate Air filters) and a dual Baghouse Filter (BF) system can also be 
found in literature on air filtration. Both include AC (Activate Carbon) as a deciding component for 
PCB removal. That means they are an alternative application of adsorption method. 
 
 
F. Quantification 
As a result of our laboratory activities, we got GC-MS spectra of compounds contained in tested 
samples. We used computer programmes to analyse spectra accurately and obtain quantities of found 
PCB to the second decimal place, in nanograms. First assumption to achieve it is that there is a linear 
correlation between concentration (or abundance) of a PCB compound and signal in GC-MS (peaks, 
with different heights and widths). The greater the area under the peak, the greater is compound's 
concentration. 
    Ci  = AiKi  
So-called K values are proportionality constants, characteristic for each PCB isomer. 
That means 
 
And we can obtain a concentration or abundance of all PCB compounds in the sample by adding an 
'internal standard' of known concentration and comparing heights of single peaks. 
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We took into account peaks that occurred in the interval 7-13 minutes of RT (Retention Time). The 
one at 7.94-8.03 is our standard - PCB 52 with carbon-13. If our sample contained PCB 52, it would 
heighten the peak, but not disable us to compare concentrations of various PCBs. 
 
Table 4: K values (proportionality constants) for popular PCBs 
Compound RT/min K 
PCB 8 6.524 0.2426 
PCB 18 6.956 0.4261 
PCB 28 7.575 0.7564 
PCB 31 7.611 0.7401 
PCB 52 7.943 1.2459 
PCB 44 8.232 1.0527 
PCB 70 8.834 0.6410 
PCB 101 9.105 1.2805 
PCB 151 9.794 2.2160 
PCB 153 10.354 1.8133 
PCB 105 10.626 -1.0000 
PCB 138 10.853 -1.0000 
PCB 180 11.864 3.1889 
PCB 194 13.056 5.0571 
PCB 118 10.913 -1.0000 
PCB 52 C13 7.939 1.0000 
 
 
Although, as mentioned before, there are 209 types of PCB, some of them were more popular in 
Aroclor-mixtures (official name for PCB mixtures) and widely used in industry. That means that their 
abundance in contaminated sites is now higher comparing to other PCB, and their amount is taken to 
approximate total toxification level. These are seven compounds: PCB 28, 52, 101, 118, 153, 138, 
180. The sum of their concentrations, multiplied by five, is claimed as total concentration of PCB in a 
material. In our data treatment, we use PCB 8, 18, 28, 31, 44, 52, 70 to calculate a concentration, 
which we name as ‘total’, for practical reasons (we need to compare our samples, with an internal 
standard that is available). 
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4. Experiment 
 
A. Materials and chemicals 
 
Chemicals: 
● n-Hexane for HPLC (min. 95% C6H14, M.W. 86.18 g/mol, D 0,66g/mol)  
● Granular Activated Carbon 
Thanks to the company that had been working in the Gadstrup school, we obtained the content of 
implemented filters - granulat of Activated Carbon, contaminated with (mainly) PCB mixture. We 
received 14 bags of appr. 200g each, with carbon collected from different levels of filter construction. 
All received samples are said to be contaminated, but the concentration of toxicant (and its variation) 
is unknown. 
Later we worked with the Activated Carbon from the same source, but not toxicated. 
 
Equipment: 
● 15ml gas bottles 
● 50ml beaker 
● Test tubes (Soda glass, 100x16.00x0.8-1.0mm) 
● Disposable spatula 
● Glass pipettes 
● Laboratory weight 
● Ultrasound 1510 Branson 
● VacMaster IST 
● 3ml vials 
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B. Experimental setup 
a) First setup (real column) 
Fig. 3: The structure of real PCB Filters, used in the Gadstrup school by J.Jensen company: 
 
 
The type of filters used is a man-high box containing two barrels, not linked with each other. Every 
barrel has an input pipe and output pipe, located respectively on the bottom and on the top of the 
cylinder. There is no built-in structure, only 90kg of granular AC, with the same properties (no 
difference in size, number or type) throughout. 14 samples, 7 from each barrel were collected. It was 
done by putting a tube of appr. 12cm in the middle of each barrel, filled in freely with granular while 
pushing inside. The content of these intersecting cylinders was collected and marked with appropriate 
numbers X-X, stating number of the level (the sample was divided into 7 bags for convenience) and 
number of barrel. 
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b) Second setup (artificial AC column) 
Fig.4: System built for our needs in the laboratory: 
 
A 50ml syringe was filled with Activated Carbon. We divided the space of the syringe into five 
'levels', isolated by circles of usual laboratory filter paper. Thanks to J.Jensen company, we could use 
the same Granular Activated Carbon (GAC), but before use (free from any contaminants). We crashed 
the GAC to smaller pieces (with a hammer), to accelerate the adsorption process by enlarging the 
reactive surface. Such test tube was linked to a metal cylinder containing a source of PCB (thermal 
insulation foam, cut in pieces, emitting appr. 7000-10000 ng/m3,, collected in Gadstrup school before 
remediation of the area) and a XAD2 filter (very precise filter detecting low concentrations of PCB). 
The air was sucked through the whole system by the last element, an air pump (Aircheck 2000, SKC 
Inc.). Later, we applied heat to our source of PCB, for practical reasons (time shortage). 
Fig.5: Structure of the artificial column with masses of different levels 
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C. Experimental procedure 
ii) Weighting /balancing the samples of activated carbon [BOTH SETUPS] 
We used a disposable spatula to take small portions of granular carbon from each of fourteen bags (for 
the first setup) and each of the levels (for the second setup). We put them in 15ml flasks, weighting 
flasks before and after placing the carbon. We marked every flask with a number of the sample inside. 
ii) Extraction [BOTH SETUPS] 
We poured hexane over balanced samples and put them into an ultrasound machine for 30 minutes. 
After this we have poured out hexane into reaction glass tubes and put it into the vacuum master. 
Doing this we wanted to reduce volume of our PCB samples, to fit them in vials for GC-MS 
measurement. From compounds properties: n-hexane evaporates, whereas PCB stays in the tube. We 
repeated this step for 4 times. We have stored following PCB-hexane portions in the same test tubes or 
separately, to measure concentration of PCB after every extraction (and determine the efficiency of the 
method). 
From the experience, PCB extracted from carbon samples gives it off to n-hexane phase at the rate of 
65%. That means that after the first extraction in normal conditions (30 minutes of Ultrasound, room 
temperature, no other manipulations) sixty five percent of PCB molecules leaves carbon pores and is 
'washed off' by n-hexane. By the second extraction, about 87.75% (sixty five percent plus sixty five 
percent of the remains after first step) is removed from the filter material. Simple multiplication gives 
95.7% after third and 98.5% after forth extraction. One and half percent of all PCB adsorbed is below 
one nanogram and can be omitted (it is too insignificant to lengthen the experiment by another, fifth 
extraction). It is a theoretical estimation and real values do not obey this percentage exactly. However, 
95% is awaited afer four extractions. We used this rule from the beginning, but we should later 
confirm it is valid for our AC samples (indifferent if granular/powder Activated Carbon). 
iii) GC-MS [BOTH SETUPS] 
Content of each of the (reduced in volume) test tubes was put in vials. 'Standard' was added with a 
syringe: approximately 100 microlitres of PCB 52 with carbon-13. We give later the reason for that. 
The vials were then placed in the GC-MS machine and tested for the held compounds. [The specifics 
of this machine can be seen in Appendix]. 
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5. Data and results 
a) Pre-Data 
In our project and experiment we used and based our assumptions on data collected in the Gadstrup 
school during the remediation process. We were informed also about the approximate emission rate of 
the PCB source (second setup) and theoretical approximate capacity of the AC. That enabled us to 
estimate future results and organise laboratory activities. 
 
GADSTRUP SCHOOL 
8 filters of the structure described above were implemented in the remediation process. Air in the 
building was heated to 40 Celsius degrees. Input and output concentrations of PCB in the air flow 
were measured. 
Inlet concentration: 45 µg/m3 (PCB/air) 
Average outlet concentration: 10 µg/m3 
That means there should be about 35 µg/m3 (PCB/air) in the filter. 
The filters were used for 3 weeks=21 days=21*24h=about 500h 
Contaminated air was sucked at rate 500 m3/h 
If the adsorption of PCB during 21 days was constant, that should give 
500 m3/h * 500h * 35 µg/m3 = 8'750'000 µg = 8'750 mg = 8.75g of PCB 
In each filter there were two barrels with 90kg of AC each. 
So in one two-cylinder filter of weight 180kg (carbon) there should be appr. 8.75g of PCB. 
That gives us the concentration (PCB/Activated Carbon): 
8.75g / 180kg = about 48.6 mg/kg 
 
 
SECOND SETUP: FILTER SPECIFICS 
In the column, we put 5 layers in portions of appr. 3g of Activated Carbon each. Together 15g. 
The source of PCB (contaminated insulation foam, cut into pieces) releases PCB to the approximate 
concentration of 7'000-10'000 ng/m3  in the air (inside the metal cylinder). 
Air pump sucks the air at rate of 850ml/min. 
1000 dm3 / 0.85 l/min = 1200 min = 20h lasts the flow of one cubic meter of air through the built 
system. 
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Capacity of our AC is said to be appr. 3 mg/kg (contaminant/carbon) = 3 µg/g 
We have 15g of carbon in our column, so the total amount of PCB (til the filter is full) is 45µg. 
45 µg / 7 µg/m3 = about 7 m3 of air must be sucked through the filter to collect an amount of PCB 
saturating our carbon sample. 
The air pump needs 20h for 1m3 of contaminated air, so we should have measurable results after 6-7 
days (7*20h). 
 
 
b) Our experimental data 
 
FIRST SETUP 
Extraction of our samples (both GAC and grinded to a powder) did not show any PCB, except for the 
7-2 (bottom of the second barrel, filtering the air independently from the second barrel). The level of 
detection of our laboratory method (which was succesful in previous, similar experiments) is 0.005 ng. 
That means that the concentration of PCB in our Activated Carbon is below 0.005 nanograms, so 
practically nonexistent. 
 
SECOND SETUP 
We met some difficulties in collecting data from the second setup. After consideration we found out 
that the reason may be plastic tubes connecting different parts of the setup (PCB may be attracted to 
the walls' material and fail to go through the system further). We have been turning the system on for 
limited time, which we noted to calculate how much contaminated air was pumped through the 
column. The axis below shows subsequent intervals of the time our second setup was tested (turned 
on) in our experiment: 
 
 
Each time, we were trying to measure input (source) and output (after our AC column) concentrations. 
We have done it to check if PCB is distributed constantly and concentration of PCB in our Activated 
Carbon levels was proportional to the time of the system working. However, in first part of the 
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experiment, we did not get satisfying results and we decided to change the type of source. We applied 
heat as well. Later, to our calculations, we use interval C5-C7 as the total time. 
Following the procedure, we got samples of dilution of carbon content in n-hexane, from each of five 
levels and two wool parts (we could not exclude that wool did not adsorb PCB too), measured in GC-
MS machine. 
We received nine mass spectra for column's layers and two for input/output measurements. 
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We then analysed the spectra to find concentrations of individual PCB isomers and total PCB 
concentrations (amounts per layer), using a method explained in the theoretical part of our project. 
 
 
Table 5: Input/output abundance of PCB: 
Measuring release of PCBs from single material Min Ng/cm3 Total 
PCB 8 18 28 31 52 44 70 
Sourc7 6.22 99.92 139.28 95.39 178.22 105.57 41.78 195.00 9577.636 1587.49 
Filter7 9.70 246.57 125.70 40.10 188.76 148.23 119.48 976.00 1895.30 1572.34 
 
 
 
Table 6: Amounts of individual and total PCB found in each of seven layers of the filter column 
(second setup): 
PCB 8 18 28 31 52 44 70 Total 
W 1 114.5 2696.2 9435.67 6169.72 10801.5 9260.24 3764.79 101185.9 
CF 1 2.27 30.33 4.81 3.27 48.30 37.66 9.81 265.52 
CF 2 3.77 33.18 4.28 4.05 44.65 26.93 6.58 244.66 
CF 4 2.17 50.24 8.55 7.17 85.18 48.01 8.62 468.64 
CF 5 2.11 411.86 102.49 75.52 644.16 410.45 121.41 3733.25 
W 2 14.31 422.44 422.50 251.76 652.76 417.61 153.52 5376.30 
 
 
 
Table 7: Amounts of individual and total PCB found in subsequent extractions of third AC layer from 
the filter column: 
PCB 8 18 28 31 52 44 70 Total 
CF 3 I 14.97 13.21 2.89 2.27 13.51 7.99 2.73 82.03 
CF 3 II 2.11 11.77 3.24 3.09 15.30 10.83 8.01 92.70 
CF 3 III 1.10 25.06 3.58 2.55 26.10 17.64 6.37 148.40 
CF 3 IV 0.79 10.14 3.09 4.08 9.03 10.46 8.23 60.58 
 
 
EXTRACTION EFFICIENCY 
Extraction of layer 2-7 from the first setup with controlled time (1h/4h/24h), each extracted portion 
stored and measured separately. Below there are spectra and tables with calculated amounts of PCB. 
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Table 8: PCB amounts in following extractions of 2-7 for 1h each: 
PCB 8 18 28 31 44 52 70 Total 
F7_1_I 25.94 512.36 92.01 78.30 1216.17 931.94 67.94 6540.92 
F7_1_II 22.45 296.20 20.76 26.56 594.83 453.04 13.35 3077.95 
F7_1_III 25.88 620.81 66.65 61.71 1413.98 1060.54 31.04 7403.17 
F7_1_IV 18.00 471.89 48.88 48.41 1071.10 826.98 22.01 5599.89 
 
 
Table 9: PCB amounts in following extractions of 2-7 for 4h each 
PCB 8 18 28 31 44 52 70 Total 
F7_4_I 28.63 529.62 75.67 67.12 1322.08 1034.99 34.45 6988.76 
F7_4_II 33.11 575.34 46.39 55.35 1399.35 1146.15 21.99 7228.71 
F7_4_III 32.88 572.15 45.35 54.67 1369.02 1120.44 21.80 7071.83 
F7_4_IV 15.17 308.38 12.10 20.76 752.18 553.42 7.19 3821.41 
 
Table 10: PCB amounts in following extractions of 2-7 for 24h each 
PCB 8 18 28 31 44 52 70 Total 
F7_24_I 15.44 159.76 4.36 10.69 319.61 219.38 4.75 1619.82 
F7_24_II 18.12 160.92 5.01 13.15 388.31 281.27 5.83 1966.65 
F7_24_III 10.43 143.73 0.00 0.00 413.26 297.44 0.00 2066.30 
F7_24_IV 17.72 138.04 0.00 0.00 421.78 290.23 6.44 2108.92 
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6. Discussion 
The lack of PCB trace in the first setup, in our AC samples from J.Jensen company was surprising. We 
knew the inlet and outlet concentrations and made pre-calculations on possible results. That made us 
thinks of errors that could have occurred on each step of the experiment. 
First, in the Gadstrup School, the masses of contaminated air were accelerated by electrical fans before 
being sucked into filter inlet pipes. Accelerated stream of air could travel with changed 'trajectory'. It 
could have fluctuated in circles under the first layer of carbon, and gone up through the cylinder in the 
circles of barrel's diameter, mainly near the walls. That would cause a lower concentration of adsorbed 
air in the middle, from where our samples were collected. Another possibility is the structure of filters. 
There is no inside 'skeleton', the granulat is laid in one big mass. Because each carbon particle is a 
small cylinder, a packed mass could move freely during moving (relocating filters, packing them back 
on trucks, treatment in the company, rapid opening). That would cause the movement of most 
toxicated particles out of the area, from which we have our samples. 
Another source of errors can be structure of the carbon mass itself. There are air and water bubbles 
between granulat, which can cause uneven distribution of adsorbed PCB. During removing the mass 
from the barrel (and putting in the sealed plastic bag), part of the PCB could have stayed on the walls 
of metal cylinders, with smaller chunks of carbon or stuck alone. 
Other errors may have happened in the laboratory, mainly during extraction. PCBs from the Gadstrup 
school may be the ones of lower boiling points (less chlorinated, look in the Theory part) and may 
have escaped during reducing the volume in the Vacuum Master. Although our method was proved in 
previous experiment and we had a steady supervision, we could fail extracting PCB from our carbon. 
Also, adsorbtion could have gone so deep, that it was impossible to pull the molecules out of the 
material's pores. Finally, we may fall victim to random sampling error - we weighted 'wrong' three 
grams from each of the fourteen samples' bags. 
Fig.6: The filter profile drawn based on the amount of PCB found in each layer of Activated Carbon in 
Setup 2 (artificial filter column) 
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We have drawn a profile of our filter, giving concentrations/amounts of PCB of five carbon layers, and 
connecting points on the graph. Because all layers have the same mass, plotting amounts of PCB in 
CF1-CF5 gives the same picture as plotted concentrations. We had a few different expectations on this 
profile. Its curve gave us a lot of information about work of our system. Interpreting it, we must 
remember that there are two ending points that are made of different material (cotton wool) than the 
core (carbon). For Activated Carbon, there is a tendency of growing values to the right. 
Such profile, with a strong shift to the end of the column, may indicate that the speed of pumping the 
air through was too high. The flow may have been to strong, causing difficulties in adsorption of PCB 
by Activated Carbon. That means the filter column could not ‘hold back’ the pollutant at the rate it 
was supplied. 
This can be compared to data from Gadstrup school. There, the filtration rate was 500 m3/h, for barrels 
of appr. 400l. This gives about 8.34 m3 pumped per minute, so about 21 times the volume of the AC-
filled barrel. In our artificial system we pumped appr. 17 times the volume of the column per minute 
(0.85l/min, 50ml column). So suprisingly close to the real system. However, there are many more 
factors to consider, e.g. the density of material packed in the filter space. If the granular Activated 
Carbon was placed loosely in the barrel, the air could pass in a different way than through a small-
diameter syringe, closely packed with powdered Activated Carbon. 
Another explanation is that the capacity of our Activated Carbon is much lower than expected. This 
would mean that filter saturated with PCB much faster than it should according to our calculations. 
Our over-estimation would cause PCB to fill subsequent carbon levels and shift all remaining 
contaminants to the end of the column. This amount of PCB that entered the column and was not 
adsorbed by any of four first levels would remain on the last level and cotton wool stuffed at the end. 
The highest amount of PCB and concentration is in the piece of wool closest to the source (101185.96 
ng, 0.001 of mass ratio for contaminant/material). Rather unprobable, but possible is that PCB were 
being adsorbed by this material also during the time, when the system was turned off (no air was 
pumped through). Direct contact would result in such high value, comparing to other layers. However, 
it must be remembered that our column is a 50ml syringe, with ending hole of small diameter and this 
direct contact does not give a great area to act. 
Both wool samples show a high adsorption capacity per material volume, higher than for any of CF1-
CF5, Activated Carbon layers. They strongly influence the performance of our filter column. 
Finally, we could say that the capacity of our Activated Carbon is very high. Instead of adsorption, the 
PCB underwent absorption and our laboratory analysis method could not extract the contaminant from 
the samples. Cotton wool, without Activated Carbon characteristics, would give off all PCB adsorbed, 
and show a higher concentration that the filter material (the adsorption was in fact lower than for 
Activated Carbon, but the recovery was high). 
What may support the high capacity hypothesis, is that the theory of 65%-efficiency of an extraction, 
described above, is overturned in our measurement for the CF3 layer (the third carbon layer, in the 
middle of the column). 
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Fig.7: Amount of PCB found in each step of repeated extraction of CF3, third layer of Activated 
Carbon in Setup 2 (artificial filter column) 
 
Our results for CF3-I to CF3-IV (four subsequent extractions of third AC layer, treated and measured 
in separate test tubes and vials) drastically disobey the rule. It looks like every extraction gave a 
similar amount of PCB, with second and third step the most efficient. Difference between total 
numbers is small, without any great correlation (82.03/92.70/148.40/60.58), considering the scale we 
were working on (nanograms). In percentage, CF3-I gave 21.4% of PCB in the sample, CF3-II 24%, 
CF3-III 38.7% and CF3-IV 15.8%. In theory, 65%, so almost two third of PCB should be released 
from Activated Carbon to n-hexane. From this set of data it cannot be concluded that four extractions 
are enough to extract the whole content, and our basic laboratory assumption may not be correct.  
We decided to plot change in concentration for individual PCB. 
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Fig. 8: Individual PCB amounts in different carbon layers in the column 
 
 
 
Fig. 9: Individual PCB amounts in subsequent extractions of third carbon layer (CF3-I to CF3-IV) 
 
 
 
w1 (ng) CF1 (ng) CF2 (ng) CF_3 (ng) CF4 (ng) CF5 (ng) W2 (ng)
PCB_70 3764.79 9.81 6.58 25.34 8.62 121.41 153.52
PCB_52 10801.52 48.30 44.65 63.94 85.18 644.16 652.76
PCB_44 9260.24 37.66 26.93 46.91 48.01 410.45 417.61
PCB_31 6169.72 3.27 4.05 11.99 7.17 75.52 251.76
PCB_28 9435.67 4.81 4.28 12.80 8.55 102.49 422.50
PCB_18 2696.72 30.33 33.18 60.17 50.24 411.86 422.44
PCB_8 114.35 2.27 3.77 18.97 2.17 2.11 14.31
0.00
5000.00
10000.00
15000.00
20000.00
25000.00
30000.00
35000.00
40000.00
45000.00
A
m
o
u
n
t 
o
f 
p
cb
 (
n
g
) 
Carbon filters and wool 
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00
CF 3 I CF 3 II CF 3 III CF 3 IV
PCB 70
PCB 44
PCB 52
PCB 31
PCB 28
PCB 18
PCB 8
33 
 
Again, we observed that our extraction for individual PCB does not follow any pattern. PCB 8 is the 
only compound whose amount decreases after each extraction, as the total concentration ought to. 
Other isomers are released at different rates, with amounts increasing or decreasing randomly. 
After measurement of extraction on the third layer on carbon, we had strong suspicion that our 
laboratory method of extraction may cause the irregularity of our data. However, samples of Activated 
Carbon from the second setup were used for measurements and no longer available for check-up. 
Therefore we decided to test the efficiency of our method on J.Jensen contaminated AC samples. In 
primary test, only level 2-7 showed presence of PCB and this became a source of the material for 
following, last part of our experiment. We let hexane over weighted 2-7 AC samples in three flasks, 
for 1-hour-, 4-hour- and 24-hour-long extraction. We wanted to determine if our mistake could be too 
short exposure (we used 30-minute-long intervals while running our experiment for each setup). 
 
 
Fig.10: Amounts of PCB ‘found’ in 2-7 AC using our extraction method, with different times of 
exposure 
 
 
The results were again surprising. Although we measure PCB concentration in AC from the same 
source, taking the same amount of sample and treating it in the same way, there is a strong difference 
in PCB content. Carbon left to be extracted for 4 hours shows the highest amount of PCB (25’111ng in 
all), followed by 1-hour extraction (22’622ng), with much lower PCB amount after 24 hours 
(7’762ng). There is no decrease in PCB found after each step of extraction, for any of the exposure 
paths. It means that depending on the time we left our AC samples in hexane (or later, hexane-acetone 
mixture), it gives us different values of PCB content. As mentioned above, in each level of Activated 
Carbon in J.Jensen filter barrels there is a variation of PCB adsorbed. But it exceeds any standards of 
random sampling errors. This experiment assured us that our basic laboratory method, on which we 
based our theories and intermediate conclusions, was wrong. Not only does it not follow 65%-rule 
which we adapted for our experimental model, but it also does not give any reliable results. 
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This unusual profile of extraction efficiency questions reliability of the filter profile above (Fig. 6). 
We may argue that the proportion of amounts of relieved PCB between carbon layers is approximately 
the same. That would include higher peaks for second and third extraction, because all layers are made 
of the same material, with the same property. At the same time, extraction is an inverse process to 
adsorption (and absorption). Using only values for CF3-I to CF3-IV, we cannot state that adsorption 
rate and grade are equal for all carbon layers, CF1 to CF5. A strong argument against is our filter 
profile itself. 
Both resulting profiles - of the filter and extraction efficiency, indicate that the distribution of PCB 
was not even. We cannot compare input and output values (Source7/Filter7) to calculate the total 
amount of PCB in our column. It is possible that first when column layers became saturated, PCB 
went through and marked on the XAD2 detector. If we take the average of concentration of PCB in the 
source (S6 and S7 measurements) and use values of volume of the air pumped (0.85l/min) and total 
time of our setup's work, it gives an average load (appr. 40'000 ng) that is three times lower that the 
amount of PCB collected (nearly 114'000 ng). It proves that the setup conditions were irregular. 
Nontheless our column functioned, decreasing the concentration of PCB by more than 78% (appr. 
8.5E+03 ng/m3 to 1.9 ng/m3), if we consider only input/output values (as J.Jensen company did in the 
Gadstrup school case). 
We might question the validity of our data and possibility of drawing any conclusion, because of  
levels of PCB concentrations we are analysing. We obtain PCB amounts in nanograms (per gram of 
Activated Carbon). There is uncertainty whether it is enough to compare results and estimate 
efficiency or filter profile basing on such low concentrations. 
One of our elaborations for the project was to discuss the possibility of regeneration tested material. 
That would mean decontaminating the AC and putting it in the new filter, ready to be reused. 
However, already during our laboratory time, we noticed how time-consuming the extraction of PCB 
from our samples is. We repeated weighting, pouring hexane, stirring with the Ultrasound, reducing in 
the Vacuum Master many times. Yet, we did not get any visible results (for first setup). Theoretically, 
four times are enough to make the contaminant go from solid (pores of carbon) to organic solvent 
(hexane) in the awaited 95% of the standard concentration. So last 1/20 of the 'dirt' of the material 
remains. Finally, despite measured inlet and outlet concentrations, the laboratory data varied strongly. 
It would not be reasonable to build these samples back into a filter for use. 
According to D.B.Purchas and K.Sutherland (2002) [39], ventilation filters (air purificatiors, as our 
PCB filters from Gadstrup school) are intended to treat a fluid of low concentration of toxification, 
bringing it to the extremely low level. They base mostly on depth filtration mechanisms and are 
therefore difficult to clean (the molecules are absorbed too deep). That is why there are usually 
discarded after saturation of the material. Mechanisms change for filters in industrial dust collection, 
but here procedure of cleaning is also uneasy and not economical. Since Activated Carbon is a cheap 
substance and is available in many forms, regeneration is not cost-effective and cannot win the 
investment. 
Although strenuous and often misleading, our way to test the filtering material (Activated Carbon) 
does not differ dramatically from methods used in the material science [look Appendix part c]. 
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7) Conclusion and perspectives 
Our experiment acknowledged that Activated Carbon is a useful material in filtering PCB from the air. 
We found a huge amount of literature stating that Activated Carbon has a high filtration capacity, 
indifferent to various properties. Its characteristics, together with low price, wide availability of 
sources make it a filter material that can be widely applied. Comparing to other filtration methods, as 
photocatalytic reactions or biofiltration, it is easy to use in the real world, outside the laboratory. Our 
experiment serves as an example, in which we were successful to build an artificial column, 
resembling real construction, and observe its functionality. 
However, big number of material sources gives a wide range of its types, with different qualities. Our 
experiment and its results are valid for a particular type of Activated Carbon, used (among others) by 
J.Jensen company. If we could spend more time on the experiment, we would be able to optimize the 
adsorption process for this type of carbon, making its local use (in this part of Denmark, this part of 
Europe) more cost-effective. However, we can admit that Activated Carbon from any source is a good 
means to minimizing level of PCB in the air to one considered safe for a human by health and 
environmental organisations (about 0.5-1 μg/m3 in the air). 
In our problem formulation we asked to what extend it is possible to remove PCB from the 
environment permanently. We learned from scientific literature that Polychlorinated biphenyls are 
volatile, easily spreading pollutants, and decontamination of an area is a complicated issue. To 
remediate the environment permanently, treatment of only one state of matter (e.g. soil, waters or 
indoor/outdoor air) is insufficient. It may need a combination of a few methods to remediate an area. 
We proved that with use of Activated Carbon, purifying the air is a doable action. 
Our experiment shows that it can be difficult to regenerate Activated Carbon. Extraction does not 
always follow theoretical rule and there are no easy methods to determine if the material is 100% 
clean. 
One of future perspectives for our experiment is optimization of filter's work. A series of trials with 
different time intervals and air pumping speeds would be advantagous. We would be able to find 
conditions that make adsorption process stable and the filter profile more even. However, we must 
remember that it would not give an ultimate solution, but a system that is most efficient for a particular 
type of Activated Carbon and PCB concentration in the source. 
Because our extraction method turned out being inefficient and incorrect, a next step could be 
repeating tests of Activated Carbon capacity, using another way to measure concentration of 
pollutants. We could choose for example Soxhlet extractor, a relic laboratory apparatus, used for PCB-
analysis in many experiments found in PCB-related literature. 
Another possibility for extending this project is measurement of adsorption capacity of cotton wool. 
Our experiment showed that it retains PCB in amount similar to Activated Carbon. If we calculate 
adsorption capacity per mass unit, in our experimental setup, cotton wool gives a higher value. Testing 
its application as a filter material can be therefore another potential area of investigation. 
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8) Appendix 
a) Safety precautions 
In our experiment, we have been dealing with a few toxic, dangerous substances - PCB (introduced 
before), PCB source materials from Gadstrup school (may contain other hazardous compound) and  n-
hexane as an organic solvent in extraction of PCB from the Activated Carbon. We felt obligated to 
inform the reader about the chemical safety and ways to prevent and protect ourselves from adverse 
effect on our health.  
n-Hexane (CH3CH2CH2CH2CH2CH3, C6H14) 
Route of exposure and Potential health dangers of n-Hexane  
It can enter the air, water and soil during its production and uses. Another source of entrance into the 
air is an accident during transport or leakage from bad storing containers. 
N- Hexane enters human body in many ways.   
Inhalation: it enters the lungs and may cause chemical pneumonitis.  
It can enter the body through contaminated food and drinking water, so it enters the stomach and 
intestine and causes nausea ,vomiting and diarrhea.  
Another way of toxification is contact with a skin. It causes redness, itching and dermatitis. 
When n-hexane enters human body it goes into blood stream and is distributed to all body organs by 
blood circulation. Liver enzymes break down molecules of n-hexane. Sometimes one of the products 
of this cleavage leads to nervous system damage and as a result leads to arms and legs nerves' 
paralysis. Most of these breakdown products leave the body through urine.  
The effect of n-hexane on the human health depends on the duration and concentration of exposure to 
it. 
Protection 
To protect respiratory system from inhalation of hexane in the laboratory there should be a glass 
barrier window between the user and hexane. 
When using n-hexane, the containers should be kept closed all the time, because it evaporates quickly 
(and enters the air). 
Good ventilation at the area of using n-hexane is needed, so that it can capture the hexane fumes 
before they spread to user's breathing zone. Open doors and windows do not provide enough 
ventilation and are not effective. Therefore general systematic ventilation is needed - a fume hood, 
which we constantly used during our experiment. 
We wore laboratory glasses to protect eyes from chemical effects and laboratory coats to minimize 
contact with toxic substances. 
Moreover, drinking or eating in the laboratory is forbidden. The user should not touch skin, eyes, and 
clothing while working with n-hexane. 
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N-hexane is a flammable chemical. There should be no smoking or any source of heat, and hexane 
containers should be fire resistant and stored in a well-ventilated place (e.g. a fume hood, as we did). 
If hexane spills on a paper or a towel, sand or earth should be used to let the paper or the towels absorb 
the hexane to prevent evaporation. For large spillage fire-fighting foam should be used. [40] 
Based on: n-Hexane MSDS (Material Safety Data Sheet) 
 
Decontamination safety precautions 
We have been working with PCB-contaminated objects under the fume hood, but as we visited 
J.Jensen company, we have learned about professional procedure in areas to be cleaned-up.  
First, there is a discussion about proper treatment of PCB-contaminated objects between 
manufacturers and clean-up companies (like J.Jensen). Therefore there is no one correct way to 
behave. However, it is always true that the decision depends on the concentration of PCB.  
Indifferent to the concentration (>=< 50mg/kg), PCB-containing waste must be kept in a container that 
disables spreading toxic substances to the environment. Cleanup staff must wear:  
gloves of the material that protects from PCB;  
entirely covering protective clothes - type 4/5 or type 3, if PCB is in the liquid form or 
decontamination is performed indoors;  
respiratory protection: gas masks with supply of fresh air; turbocharged engines (as filters described 
by us in the first setup and used by J.Jensen company); dust- and gasfilters; 
According to J.Jensen, materials with a content of more than 50mg/kg (PCB-total) are counted to 
dangerous waste and should be disposed by special treatment by Kommune Kemi (local chemical 
department). Materials with concentration of less than 50mg/kg should be disposed to a controlled 
landfill (waste dump) or incinerated. 
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b) Gas chromatography – mass spectroscopy (GC-MS) 
 
Since we are using gas chromatography-mass spectroscopy in our project a lot it is needed to describe 
what it is. Further in text i will reffer to it as GC-MS. 
GC-MS is analytical method used for various of purposes for broad fields of science. It is combining 
gas-liquid chromatography and mass spectroscopy. GC-MS is ofter reffered as „golden standard“ for 
forensic methods because it can be used for specific tests and non-specific tests as well.  
Whole GC-MS is made out of 2 machines. Gas chromatography and Mass spectroscopy, and of course 
a computer. Gas chromatography´s main parts are injection port, oven and column. One microliter of 
solvent containing the mixture of molecules is injected into gass chromatography and then carried by 
inert gass trough the instrument. The inject port is heated usually to 300°C to cause the chemical to 
become gas. In the oven heat is produced to move molecules through it and temperature range is 
usually from 40°C to 320°C. 
Mass spectrometer is next part of whole machine. It has 3 main parts what are Ion Source, Filter and 
Detector. When chemical compound in gas state come to MS molecules of that particular compound 
are blasted with electrons and hopefully broken into charged particles called ions. This is important 
because particles must be charged to pass through the filter. 
Filter is a strong electromagnetic field. As the ions continue through filter that electromagnetic field 
will sort ions based on its mass. Scientists using this device can set up the range of mass they want to 
observe. The filter continuously scans through the range of masses as the stream of ions come from the 
ion source. 
A detector counts the number of ions with a specific mass. Those data are sent to computer and mass 
spectrum is created. Mass spectrum is a graph of the number of ions with different masses that 
traveled through the filter. 
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c) Testing filter media and their efficiency 
Because we spent some time discussing possible mistakes we had made during our experiment, it is 
instructive to explore other methods of testing filter materials. In the material science devoted to fluid 
filters, there are rather few properties that decide on the efficiency of them [39]. These are: 
-the size of particles that can be retained by a filter; 
-the efficiency with which particles of a particular size are retained; 
-the resistance of the medium to the flow of clean fluid (liquid/gas filtered) through it; 
-the dirt holding capacity; and 
-the tendency of the medium to blind (tire or saturate); 
For filtration of gas or air (as our Activated Carbon does), the tests are always of single-pass format, 
meaning the fluid reaches the filter only once, not repeatedly. Three main types of analytical methods 
can be distinguished.  
The first one - staining test - is based on the intensity with which a filter paper is stained by a flow of 
atmospheric air through it. The staining comes from the presence of natural contaminants it the air. 
This intensity is monitored and analysed. 
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The second method is a popular procedure for air conditioning and general ventilation filters: 
(synthetic dust-) weight arrestance test. The synthetic dust is dispersed and let to pass through a tested 
medium, then second and final filters, which collect dust that permeated through the system. After 
each series of equal amounts of dust released, the final filter is being re-weighted to determine the 
weight of dust passing through the filter under test. 
The third testing method, particle concentration efficiency test, is used for high-efficiency air filters 
(HEPA, used also by our J.Jensen company, ULPA, etc.). It involves observing differences between 
upstream and downstream concentrations of submicrometer particles (=of very small diameter), 
continuously monitored. 
According to Purchas and Sutherland [39], a simple concept for a method is followed by complexity 
of practical reality. Very often an advanced technique and equipment are needed to provide suitable 
conditions in the laboratory and to assess properties of a material. 
 
 
d) MS-report example 
Thanks to our supervisor, we could take active part in analysis of data obtained from GC-MS system. 
To show a typical intermediate of data treatment, we attach one of the reports that is a result of 
analysis of mass spectra after measurement of a sample with internal standard [sample analysed is the 
fourth layer of Activated Carbon, CF4] 
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